activator of transcription (STAT)-1-and STAT--3-dependent manner. 2 Gp130 occurs in a wide variety of tissues, whereas the IL -27Rα expression seems to be restricted to the immune cells, including major lymphocyte subsets, monocytes, neutrophils, mast cells, macrophages, and Langerhans cells, as well as vascular endothelium and keratinocytes. 3, 4 It was formerly believed that IL -27 was produced only by myeloid cells, capable of patients diagnosed with early stages (Ia, Ib, or IIa) of NSCLC localized distally (n = 16).
Newly diagnosed PS was confirmed by a typical clinical presentation, patient -specific histology (noncaseating granulomas on biopsy), and typical findings on high -resolution computed tomography (HRCT). 18 Patients with PS were stratified according to conventional chest X -ray staging or, alternatively, according to the clinical phenotype into subgroups with Löfgren syndrome, chronic progressive sarcoidosis, and chronic stable sarcoidosis. 19 EAA was diagnosed on the basis of clinical data, including typical symptoms following allergen exposure, specific presentation on HRCT, lung function test results, and the presence of precipitating antibodies in serum. In 5 patients (36%) with EAA, the diagnosis was confirmed by lung biopsy. 20 In patients with IPF (8 out of 12; 67%) and NSIP (100%), the diagnosis was based on a histological examination of the lung biopsy. In 4 patients with IPF, the biopsy was not performed and the diagnosis was established according to the joint criteria of the European Respiratory Society and the American Thoracic Society. 21 Patients with PS (n = 5) who received ongoing oral corticosteroid therapy (prednisone, 15-60 mg for at least 3 months before bronchoalveolar lavage [BAL] ) were analyzed separately. No other patients had a history of systemic steroid or immune suppressive therapy.
The NSCLC group consisted of 16 patients, stages I-IIa, all current smokers. BAL was performed as part of a routine diagnostic workup of a peripheral solitary pulmonary lesion, subsequently diagnosed as NSCLC by a histopathological examination of the biopsy material. Adenocarcinoma was diagnosed in 12 patients, while squamous carcinoma-in 4. In 5 of these 16 patients (31%), cancer cells were also present in BAL fluid samples. 22 The control group consisted of 14 patients, including 7 smokers. None of the controls had any symptoms of any lung disorder. They showed no abnormalities on lung function tests, chest X -ray, or HRCT scans. They were not treated with corticosteroids or any other medications known to cause ILD. Five controls (3 nonsmokers and 2 smokers) were included in the control groups in a previous study. 23 bronchoalveolar lavage The BAL procedure was part of the routine diagnostic workup. BAL was performed according to the European Respiratory Society guidelines, as described previously. 24 In brief, premedication with midazolam and local upper airway anesthesia with lidocaine (2%) was followed by bronchofiberoscopy with Olympus BF -H190 (Olympus, Tokyo, Japan). The middle lobe of the right lung (or alternatively the lingual of the left lung) was lavaged with 200 ml of sterile NaCl solution (0.9%), and instilled sequentially with four 50 -ml aliquots. Then, BAL fluid fractions were retrieved by gentle suction, presenting antigens-dendritic cells and macrophages-due to stimulation of toll -like receptors (TLRs) by foreign molecular patterns, such as bacteria, viruses, fungi, and parasites, mainly by TLR types 3 and 4. 5 However, subsequent studies have shown that the spectrum of cells secreting IL -27 is much wider. Under physiological conditions, the IL -27 expression was observed in monocytes, microglial, endothelial, and trophoblast cells. 6 IL -27 was initially described as a proinflammatory cytokine, because of its ability to activate STAT -1-dependent intracellular signaling pathways in naive CD4 + T cells, resulting in their expansion and differentiation into T helper -1 (Th1) cells. 3 However, a number of studies have provided new data on the biology of IL -27 and shown that it affects also Th2, Th17, Foxp3type 1 T regulatory, Foxp3 + T regulatory, and T follicular helper cells. 7, 8 In this context, the major function of IL -27 in interstitial lung diseases (ILDs) is unclear. In pulmonary sarcoidosis (PS), IL -27 was shown to be overexpressed in the lungs and to participate in Th1 -mediated immunity. 9 However, in patients with sarcoidosis, elevated IL -27 mRNA levels, but not the levels of IL -27 itself, were found only in mononuclear cells. 10 Ringowski et al 11 reported an increased IL -27 release after stimulation with lipopolysaccharide, but only in the blood and not in the lungs. Moreover, it was suggested that IL -27 is involved in immune suppression in sarcoidosis. 12 However, the literature data on the IL -27 expression in the lungs in other ILDs are scarce.
IL -27 exhibits antitumor properties by acting directly on cancer cells and indirectly via tumor microenvironment. It is consistent with the main postulated immune role, namely, APC--dependent Th1 polarization. 2 So far, IL -27 has been shown to stimulate a significant expression of human leukocyte antigen class I molecules on cancer cells 13 to reduce their proliferation, expansion, and survival, as well as to increase the expression of some death receptor ligands on melanoma cells. 2, 14 Likewise, it directly affects tumor microenvironment by suppressing the activity of endothelial cells and by inducing the expression of antiangiogenic chemokines: CXCL9 and CXCL10. 15 However, there have been only a few studies analyzing the role of IL -27 in this context in a real -life setting, that is, in patients with non-small cell lung cancer (NSCLC), and the reported results are conflicting. 16, 17 Therefore, the aim of this study was to investigate the role of IL -27 in the pathomechanism of lower airway diseases, ILDs and NSCLC.
PATIENTs ANd mEThOds study population A total of 86 patients with distal airway abnormalities, including extrinsic allergic alveolitis (EAA, n = 14), PS (n = 30), idiopathic pulmonary fibrosis (IPF, n = 12), and nonspecific interstitial pneumonia (NSIP, n = 14), all nonsmokers, were included in the study. We also enrolled smoking with positive control, that is, murine monoclonal antibody directed against human superficial marker CD45 (cat. n o 345808, BD Biosciences). Flow cytometric data were acquired within 24 hours after staining, using a FACSCalibur cytometer (BD Biosciences). The flow cytometric acquisition was described previously. 26 The fluorochromes used in the study were as follows: FITC for the standard fluorescence channel FL1 (CD45, IL -27); phycoerythrin (PE) for FL2 (CD4); and phycoerythrin -cyanine 5 for FL -3 (CD8).
The panel of markers stained in the study was limited to CD4 and CD8, as a consequence of our previously published data 23, 25, 26 demonstrating that the majority of lymphocytes in BAL fluid comprise antigen -primed T cells, alternatively CD4 or CD8, and very few natural killer (NK) and B cells. This was observed for both patients with ILDs and healthy controls. Based on cytology and immunology results, the appearance of lymphocytes in BAL fluid was characterized by the total number of cells: all lymphocytes, CD4 cells, and CD8 cells per 1 milliliter of recovered fluid. statistical analysis Demographic and lung function data were presented as mean (SD). IL--27 concentrations in BAL fluid supernatants and BAL cytoimmunology data were presented as median (SEM) due to the nonparametric distribution of the values. 27 The Mann-Whitney test was used to compare the study groups (untreated patients with ILD/NSCLC versus controls; corticosteroid -treated versus untreated PS patients). The correlations between 2 random variables were tested using the Spearman's rank correlation coefficient. A P value of less than 0.05 was considered significant.
REsuLTs
The demographic and clinical characteristics of the study groups are presented in TAbLE 1. The BAL cytological and immunological data are presented in TAbLE 2. There were significant differences between patients with ILD and control nonsmokers, as well as those with NSCLC and control smokers.
IL -27 concentrations in the supernatants from patients with ILDs are shown in range, 0-24.7 pg/ml), but the differences were not significant (P = 0.22 and P = 0.21, respectively), most probably due to a relatively low number of enrolled patients. No difference was observed between patients with early sarcoidosis (radiological stage I) and those with advanced sarcoidosis pooled, filtered, and immediately transported to the laboratory. Fluid recovery was calculated as the percentage of instilled volume.
Informed consent was obtained from all subjects, and the study was approved by the Bioethics Committee of Nicolaus Copernicus University in Bydgoszcz, Poland (no. KB374/2011).
Assessment of interleukin 27 concentrations in
bronchoalveolar lavage fluid IL -27 concentrations in BAL fluid supernatants were evaluated by an enzyme -linked immunosorbent assay (ELISA) specific kit, cat. no E08464h (Cusabio, Washington, Maryland, United States), according to the manufacturer's recommendations. The optical density was measured at 450 nm using a spectrophotometric reader ELx800 (Biotek Instruments, Inc., Winooski, Vermont, United States). The IL -27 levels in the supernatants were expressed in pg/ml rather than mmol/l to enable a comparison with the results published by other authors. 2 bronchoalveolar lavage cytology and immune cell typing The total cell count, cell viability (trypan blue exclusion test), and differential cell count of leukocytes in BAL fluid was calculated, as described previously. 25 For lymphocyte typing, 3 -color typing was applied, combining indirect (for IL -27) and direct (for CD4 and CD8) immunostaining. In brief, a sample containing 100 μl of BAL fluid cell suspension (2-10 × 10 6 cells/ml) was incubated with FACS Lysing Solution (cat. n o 349202, BD Biosciences, Franklin Lakes, New Jersey, United States), and then with FACS Permeabilizing Solution 2 (BD Biosciences, cat. n o 340973), and washed in phosphate buffered saline (PBS) with bovine serum albumin (BSA, 0.5%) (cat. n o 554657, BD Biosciences) and NaN 3 (0.1%). The cell pellet was then resuspended in PBS, incubated with a saturating amount (usually 10 µl) of murine anti-human IL -27 monoclonal antibody (cat. n o WH0246778M1, Sigma Aldrich, St. Louis, Missouri, United States) for 30 minutes in the dark, and washed with PBS. For secondary incubation, polyclonal rabbit, fluorescein isothiocyanate (FITC)-conjugated, anti-mouse serum (1 µl of serum diluted 1:10 in PBS; cat. n o F0313, DAKO Cytomation, Glostrup, Denmark) was applied for 10 minutes in the dark. The sample was washed twice in PBS/BSA/NaN 3 , incubated with monoclonal antibodies directed against human superficial CD4 and CD8 antigens (10 μl both; cat. n o 345769 and 555368, respectively; BD Biosciences) for 30 minutes in the dark, washed in PBS/BSA/NaN 3 , and then resuspended in 300 μl of PBS with formaldehyde (1%).
The internal control consisted of: 1) a sample proceeded identically, except for staining with primary antibody, which was replaced with the respective volume of PBS; 2) sample stained with negative isotype control (Tritest cat. n o 340385, BD Biosciences); and 3) sample stained that is, healthy smokers: 17.5 (12.2) vs 0.4 (0.2) pg/ml (P = 0.02).
In patients with ILD and NCSLC, IL -27 levels in BAL fluid did not correlate with lavage fluid recovery, relative leukocyte, CD4, or CD8 cell count. However, when the lymphocyte count was expressed as the total cell number in 1 ml of recovered fluid, a significant correlation with the total lymphocyte count and total CD4 + cell count was demonstrated (FIGuRE 4) . Interestingly, IL -27 intracellular staining was positive for BAL lymphocytes in all the study groups: patients with ILD and NSCLC, as well as in all healthy controls (TAbLE 3) . Of note, the IL -27 expression (radiological stage II or III) (FIGuRE 2). Likewise, the IL -27 concentration did not differ in the PS subgroups stratified according to the clinical presentation of the disease, that is, into Löfgren syndrome, chronic progressive, or chronic stable sarcoidosis (data not shown).
IL -27 was undetectable in the supernatants obtained from corticosteroid -treated patients with PS (data not shown); therefore, its concentration in corticosteroid -naive patients with PS was significantly higher (P = 0.02). Similarly, the median (SEM) IL -27 concentration was higher in patients with NSCLC (stages I-IIa) (FIGuRE 3) , as compared with the respective control group, As mentioned previously, antigen -presenting cells such as dendritic cells, macrophages, monocytes, and endothelial cells, are considered a major source of IL -27 in physiological a similar ratio of the key T lymphocyte subsets in BAL fluid, that is, CD4 + and CD8 + , express IL -27; 5) the IL -27 concentration in BAL fluid supernatants is significantly increased in early-stage NSCLC, PS, and EAA, as compared with healthy controls; and, finally 6) in corticosteroid -treated the disease. On the other hand, in patients treated with systemic corticosteroids, IL -27 levels in BAL fluid were below the detection range, suggesting the involvement of IL -27 -secreting cells in the immune and inflammatory response in the lower airways.
Our observations on the role of IL -27 in PS and EAA cannot be directly extrapolated to other ILDs. In IPF and NSIP, conditions potentially resulting in lung fibrosis, the IL -27 concentration was slightly elevated, although not significantly. While it might reflect the nonspecific stimulation of inflammatory cells due to partial Th1 polarization or-as postulated for IPF-due to Th2 activation, it is necessary to collect more comprehensive data to interpret this finding. Importantly, research on the role of IL-27 in IPF might shed new light on the pathomechanism of this disease. It is commonly accepted that irreversible lung fibrosis is driven by fibroblast activation and proliferation, as well as myofibroblast development and epithelial -myofibroblast transition (EMT). Meanwhile, IL -27 was shown to exert an inhibitory effect on the EMT. 31 Similarly, IL -27 inhibits the expression of proangiogenic factors: vascular endothelial growth factor as well as chemokines CXCL5 and CXCL8. 32 The antitumor properties of IL -27 have been postulated by many authors. It has been suggested that the ability of IL -27 to induce a Th1--mediated response with subsequent T cytotoxic (Tc) cell activation is important for host immune response directed against cancer cells. 34 Similarly to lung fibrosis, IL -27 was shown to suppress tumor -induced EMT transition, as well as angiogenesis, both phenomena being crucial for cancer progression and both eminently depending on WSX-1-and STAT -1-mediated signal transduction. 31 Importantly, there are also reports contradictory to the postulated anti tumor activity of IL -27. Airoldi et al 35 suggested that in NSCLC IL -27 actually enhanced the expression of chemokine CXCR3 and VE -cadherin, which are known for their proangiogenic properties. 35 Considering the ability of IL -27 to induce Th1 and Tc immune responses, we decided to examine its extra-and intracellular expression in BAL fluid cells collected directly from the lung lobe affected by the tumor. The IL -27 concentration in the BAL fluid from patients with NSCLC was not only significantly higher as compared with that in controls, but its median value was the highest of all the study groups.
The above findings are not corroborated by other studies. Naumnik et al 16 demonstrated no difference in IL -27 concentrations between patients with late -stage lung cancer and controls.
conditions. Meanwhile, in disease states, it is released by a number of other cell populations. Thus, intracellular IL -27 expression was observed, for example, in neutrophils in sepsis, in neoplastic cells in metastatic melanoma, in lung mesothelial cells in tuberculosis, and in blood CD4 + FoxP3 -T -regulatory cells in acute malaria infection. 2, 28, 29 We were the first to document the IL -27 expression in lower airway lymphocytes from patients with sarcoidosis. 27 Later the same year, Yang et al 28 observed IL-27 + CD4 and CD8 cells in pleural effusion in patients with tuberculosis and identified other IL -27 + cells in their pleura (ie, NK, NK T cells, B cells, monocytes and macrophages). 30 In the present study, we observed the same phenomenon in other Th1 -driven disorders, like EAA and early -stage NSCLC.
It has been suggested that in tuberculosis IL--27 might protect against interferon -γ-induced apoptosis of peripheral blood mononuclear cells. Likewise, we have previously reported the low apoptosis rate of airway lymphocytes irrespective of the high interferon -γ concentration in BAL fluid from patients with PS and EAA. 25 We believe that this phenomenon might be explained by the protective effect of IL -27 activity, among other factors.
In summary, in this study we confirmed that lymphocytes in BAL fluid secrete IL -27. This was observed for ILD and NSCLC, as well as for healthy controls. In both lymphocyte subsets, CD4 + and CD8 + , the relative number of the cells positive for IL -27 was similar, suggesting that this particular interleukin is generally produced by antigen -primed, activated T cells. 26 Moreover, while the IL -27 concentration in BAL positively correlated with the total number of lymphocytes in the lower airways of patients with ILD, no IL -27 + lymphocytes were detected in the peripheral blood of healthy controls and patients with NSCLC (unpublished data). Based on these observations, the following assumptions can be made regarding the role of IL -27 in the regulation of immune response in the lower airways: 1) Th and Tc cells constitute an important source of IL -27 in the lungs; 2) IL -27 protects T cells from local apoptosis, as was suggested by other authors. 30 Regarding the IL -27 expression in the lower airways in Th1 -driven ILDs, we demonstrated its association with the pathogenesis of sarcoidosis and EAA. However, this is not entirely consistent with previous reports. 9, 11, 12 Importantly, the relative number of both CD4 and CD8 cells expressing IL -27 in BAL fluid was higher in patients with PS as compared with controls, which might suggest that lymphocytes are a relatively important source of IL -27 in the lower airways in PS. This phenomenon seems not to be linked to the clinical presentation of PS because no difference in the IL -27 expression in the lower airways was observed between the respective subgroups stratified according to the radiological stage of Duan et al 17 reported lower IL -27 concentrations as well as IL -27 mRNA expression in peripheral blood of patients with NSCLC than in controls. It is important to emphasize that our study group included only patients with stages I-IIa of NSCLC. We postulate that the local activation of the immune system at this stage of lung cancer is enhanced, hence we observed other indices of immune activation: a significantly increased relative number of BAL lymphocytes and a higher CD4/ CD8 index in smokers with NSCLC. It is possible that some of our BAL fluid samples were obtained from patients with NSCLC before the final tumor escape from the immune system. 36 On the other hand, a meta -analysis of published lung cancer microarray datasets used to identify biomarkers related to survival of patients was conducted. 37 It revealed a significantly elevated IL -27 expression in patients with NSCLC with worse prognosis as compared with those with better prognosis (the median survival was applied as the cutoff point). The significance was especially high if smoking patients with early stage cancer were considered. However, the samples were obtained from the tumor tissue, and immune cells were not examined. 37 Anyway, the opinion on IL -27 as a double -edged sword is still valid. 2 It should be emphasized that there was a considerable variation in IL -27 concentrations between the study groups, which means that individual participants may have different IL -27 levels.
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